Background {#Sec1}
==========

Globally, injury is a major cause of death and disability. The burden of injury is greatest in developing countries, and trauma registries are known to be integral in the monitoring and improvement of trauma care \[[@CR1]\]. There remains great international variability in terms of patient mix, process of care, and performance of different pre-hospital trauma care systems \[[@CR2]\]. To date, the classification, measurement and improvement of data quality in trauma registries have been inconsistent \[[@CR3]\]. There is no doubt that injury is a large issue for the health care system, and in particular for emergency management units.

Usually, patients suffering a traumatic injury and other acute diseases constitute the majority of ambulance transports, and adult patients aged 15--60 years are the principal users of Emergency Medical Services (EMSs) \[[@CR4]\]. Furthermore, triage, inter-hospital transfer processes and protocols for inter-hospital transfer are also central to trauma systems \[[@CR5], [@CR6]\]. From the viewpoints of public health and health policy, epidemiological study is needed in order to evaluate trends in health care utilization, which could inform policy decision-making for the redistribution of medical resources, especially in developing countries.

Methods {#Sec2}
=======

Data source, security, and quality control {#Sec3}
------------------------------------------

Taiwan launched a single-payer National Health Insurance (NHI) program on March 1, 1995. As of 2014, 99.9 % of Taiwan's population was enrolled \[[@CR7]\]. Foreigners in Taiwan are also eligible for this program. The database of this program contains registration files and original claim data for reimbursement. Large computerized databases derived from this system by the National Health Insurance Administration (the former Bureau of National Health Insurance, BNHI), Ministry of Health and Welfare (the former Department of Health, DOH), Taiwan and maintained by the National Health Research Institutes (NHRI), Taiwan, are provided to scientists in Taiwan for research purposes. Only citizens of the Republic of China who fulfill the requirements of conducting research projects are eligible to apply for the National Health Insurance Research Database (NHIRD). The NHIRD includes nationwide population-based data with good quality control and representation and is provided to scientists in Taiwan for research purposes \[[@CR8]--[@CR12]\].

Ethics approval, and consent for participation or publication {#Sec4}
-------------------------------------------------------------

The study design was a retrospective health data analytic study. The protocol was evaluated and approved by the Institutional Review Board (IRB) of Taipei Hospital, Ministry of Health & Welfare, Taiwan, which has been certificated by the Ministry of Health and Welfare, Taiwan (IRB Approval Number: TH-IRB-0015-0003).

The information related to all subjects is encrypted using a double scrambling protocol for research purposes to protect the privacy of patients. Theoretically, it is impossible to query the data alone to identify individuals at any level using this database. No any individual informed consent of all the insured is requested. All researchers who wish to use the NHIRD are required to sign a written agreement declaring that they have no intention of attempting to obtain information that could potentially violate the privacy of patients or care providers. The use of NHIRD is limited to research purposes only. Applicants must follow the Computer-Processed Personal Data Protection Law and related regulations of National Health Insurance Administration and NHRI, and an agreement must be signed by the applicant and his/her supervisor upon application submission.

The application of the present study was reviewed by the NHI Administration, who gave their agreement to the planned analysis of the NHIRD and released the data. (Data approval Number: NHIRD-104-183).

Source and definition of study population {#Sec5}
-----------------------------------------

In this retrospective fixed-cohort study, the records of 1 million people in the NHIRD sampled in 2010 were used to perform an epidemiological and descriptive study of emergency medical utilization in Taiwan from 2001 to 2010. This specific longitudinal health insurance dataset (LHID) is the latest cohort data in Taiwan that was named LHID2010 (see Fig. [1](#Fig1){ref-type="fig"}) \[[@CR13]\]. LHID2010, used as the study population in the present study, contains the entire original claim data of 1,000,000 beneficiaries enrolled in year 2010 randomly sampled from the year 2010 Registry for Beneficiaries (ID) of the NHIRD, where registration data of everyone who was a beneficiary of the National Health Insurance program during the period of Jan. 1st 2010 to Dec. 31 2010 were drawn for random sampling. There are approximately 27.38 million individuals in this registry. All the registration and claim data of these 1,000,000 individuals collected by the National Health Insurance program constitute the LHID2010. There was no significant difference in the gender distribution (*p*-value = 0.796) between the patients in the LHID2010 and the original NHIRD \[[@CR13]\].Fig. 1The relationship of study population and total population in the present study

The entire medical claim data of the patients enrolled in LHID2010 was collected in the year 2010 and during the period of 2001--2009 retrospectively. All incident ED visits of the 1,000,000 studied subjects in each calendar year were evaluated. The causes of ED visits were divided into 2 groups: traumatic (ICD-9-CM diagnostic codes ranging from 800.X to 959.X) and non-traumatic. Traumatic cases were defined as subjects who visited an ED due to a trauma event once or more in 1 year, while the non-traumatic cases were defined as subjects who visited an ED for reasons entirely due to a non-traumatic event. Furthermore, each ED visit of the subjects was analyzed to assess the number of annual ED visits and the direct medical cost per ED case. Focusing on traumatic ED cases, the distribution of hospital level, annual incidence by gender, annual incidence by age strata, and detailed information regarding traumatic location/type (classified into 20 categories) \[[@CR11]\] were studied.

Statistical analysis {#Sec6}
--------------------

Descriptive statistics are represented by numbers of cases, percentages, and means with standard deviation (SD). The chi-square test or independent *t*-test was used to analyze significant differences between groups for categorical or continuous variables, respectively. The average annual percentage change (AAPC) and its 95 % confidence interval (CI) was calculated using the Join-point Regression Program Ver.4.2.0.2 in order to test for time trends. 95 % CI of cumulative incidence (ci) cab be calculated as the followed formula: ci +/− 1.96√ci(1-ci)/N. All analyses of data were conducted using the Hadoop big data distributed computing environment and the Impala massive parallel processing (MPP) SQL query engine (Cloudera Corporation), and statistical calculations were performed using the Statistical Package for Social Sciences for Windows (SPSS Ver.22.0).

Results {#Sec7}
=======

Of the enrolled 1 million people sampled in 2010, 176,126 subjects visited an ED, who were classified into 59,900 traumatic subjects (34 %) and 116,226 non-traumatic subjects (66 %). Significantly greater proportions of male subjects (57 %) and younger patients (64 %) presented as traumatic ED cases (see Table [1](#Tab1){ref-type="table"}).Table 1Retrospective one-million-subject fixed-cohort survey of utilization of emergency departments (EDs) due to traumatic or non-traumatic causes in Taiwan, 2010Age (years)/GenderTraumatic subjectsNon-traumatic subjectsED-utilized subjects in 2010One million study subjects based on LHID2010^a^N(%)N(%)*p* value of *χ* ^2^ testN(%)N (%)Total subjects who visited the ED59,90034.01116,22665.99176,126100.001,000,000100Age (years) 0--2925,80143.0746,06239.63.00071,86340.80372,34137.23 30--4412,28620.5122,49319.3534,77919.75251,10325.11 45--5911,04718.4421,02418.0932,07118.21223,10022.31 60+10,76617.9726,64722.9337,41321.24153,45615.35Gender Female25,75042.9960,96852.46.00086,71849.24507,57750.76 Male34,15057.0155,25847.5489,40850.76492,42349.24^a^LHID2010: longitudinal health insurance dataset randomly selected in 2010

All ED visits of the subjects were analyzed as individual cases, and the annual number of ED visits, average direct ED medical cost per case, and time trends were evaluated, as shown in Table [2](#Tab2){ref-type="table"}. During 2001--2010 in Taiwan, the numbers of both traumatic cases and non-traumatic cases sent to EDs significantly increased (average annual increase ratio 4.7 % (95 % CI: 3.2--6.2 %) and 3.6 % (95 % CI: 1.0--6.4 %), respectively). Although fewer traumatic cases were seen in EDs than non-traumatic cases, the direct medical cost of traumatic cases was significantly greater than that of non-traumatic cases, and a significant increasing trend of the direct medical cost was observed for both types of case. Focusing on traumatic cases, most (i.e., 73.5--78.8 % of all traumatic cases) were taken to highest-level hospitals, this incidence exhibiting a significant increasing annual trend of 5.6 % during 2001--2010 in Taiwan.Table 2Trends and comparisons of medical utilization in traumatic and non-traumatic ED cases in Taiwan, 2001--20102001--20022003--20042005--20062007--20082009--2010AAPC^a^95 % CI^b^ of AAPCAnnual ED visits, case numbers Traumatic cases63,47771,22176,90480,70394,1764.73.2, 6.2 Non-traumatic cases127,988133,837141,391145,217175,5713.61.0, 6.4Direct medical cost (US\$), per visit Traumatic cases, mean (SD)53.51 (97.20)60.98 (72.12)67.86 (86.65)72.08 (84.97)78.61 (100.81)4.83.6, 6.0 Non-traumatic cases, mean (SD)40.53 (94.04)46.37 (113.32)56.11 (104.56)65.24 (110.76)75.49 (116.98)8.27.5, 9.0 p value for *t* test0.0000.0000.0000.0000.000Level of hospital visited by traumatic cases, per year Medical center, No. (%)46,647 (73.49)52,296 (73.43)57,909 (73.91)61,737 (76.50)74,179 (78.77)5.64.0, 7.3 Regional hospital, No. (%)15,770 (24.84)17,557 (24.65)18,590 (23.73)17,385 (21.54)18,513 (19.66)1.6−1.0, 4.2 Local hospital or other, No. (%)1061 (01.67)1369 (01.92)1852 (02.36)1581 (01.96)1484 (01.58)4.2−5.1, 14.3Currency: USD: NTD = 1: 32^a^ *AAPC* average annual percentage change; the AAPC was significantly different from zero at alpha = 0.05^b^ *95 % CI* 95 % confidence interval

Furthermore, still focusing on traumatic cases, the annual ED visit incidence and the annual trend were analyzed by gender and age. The point estimation of incidence was calculated by the number of subjects visiting ED due to traumatic causes divided by the numbers of various gender and age stratums among the one million study population in each calendar year. Because the study population of 1,000,000 subjects was randomly sampled in 2010 whose information could not be traced back to their original NHIRD, point estimates of cumulative incidences were calculated and their 95 % CIs could be predicted only in 2010. Even though the same fixed one-million subjects were studied during 2001--2009, all the 95 % CIs of point estimates of incidence were not projected accounting for actually dynamic total population rather than an assumedly fixed total population in Taiwan for the past 10 years. As shown in Table [3](#Tab3){ref-type="table"}, the annual incidence of traumatic ED visitors in male subjects was 58.63 per 1000 persons, significantly increasing to 69.35 (95 % CI: 68.85--69.85) per 1000 persons from 2001 to 2010, with an average annual change of 1.5 % (95 % CI: 0.1--2.8 %); that in the female subjects was 38.96 per 1000 persons, significantly increasing to 50.73 (95 % CI: 50.30--51.16) per 1000 persons from 2001 to 2010, with an average annual change of 2.5 % (95 % CI: 1.3--3.7 %). Analyzing the subjects by age, significant increasing trends in the annual incidence of traumatic ED visitors were noted in subjects aged 29 years or under and ones aged 60 years or order. However, as illustrated in Fig. [2](#Fig2){ref-type="fig"}, a dramatically increasing linear trend of 43.61/1000 to 70.16/1000 during 2001--2010 was noted in the subject population aged 60 years or older, with an AAPC of 5.7 (95 % CI: 4.7--6.8), which was greater than that in other age strata groups.Table 3Characteristics of traumatic ED visitors in terms of annual incidence\* of the fixed one-million subjects in Taiwan, 2001--2010 retrospectively2001200220032004200520062007200820092010AAPC95 % CI of AAPCInc.Inc.Inc.Inc.Inc.Inc.Inc.Inc.Inc.Inc.95 % CI of Inc. in 2010Gender Male58.6357.0961.8068.4268.5964.6864.6362.4466.5269.3568.85--69.851.50.1,2.8 Female38.9639.6241.2545.9847.0045.0946.1743.8748.4050.7350.30--51.162.51.3,3.7Age (years) 0--2955.9956.4560.6567.5967.2563.5463.5861.6166.2069.2968.80--69.792.80.3,5.3 30--4442.5241.6543.9948.7549.8446.3245.9643.2946.8848.9348.51--49.352.0−3.1,7.4 45--5940.7639.9442.1547.2347.8646.6946.6644.5247.6949.5249.09--49.942.00.7,3.2 60 +43.6142.5645.9751.5555.8055.7161.3159.5266.5270.1669.66--70.665.74.7, 6.8\*Incidence (Inc.): cumulative incidence, 1/1000Fig. 2**a**, **b** Linear trends of the annual incidence of traumatic ED visiting subjects in various subgroups

Based on the ICD-9-CM diagnostic codes, the trauma locations of the traumatic cases in the present study were classified into 20 categories. Table [4](#Tab4){ref-type="table"} shows that most of the traumatic patients in EDs were treated for minor injuries, such as contusion with the skin intact, open wound of upper limb, open wound of the head, neck, or trunk, and other superficial injury (accounting for about 60 % of all cases, ranging from 58.5 to 63.3 %). Besides the above-listed and some unspecified injuries, the traumatic categories of sprains/strains of joints and adjacent muscles, fractures of upper limbs, fractures of lower limbs, and fractures of the spine/trunk required greater medical resources and significantly positive AAPC values (4.3, 4.0, 4.5 and 6.8, respectively).Table 4Distributions of traumatic categories in traumatic ED cases in Taiwan, 2001--2010Traumatic category\*ICD-9-CM code2001--20022003--20042005--20062007--20082009--2010AAPC95 % CI of AAPCNo. (%)No. (%)No. (%)No. (%)No. (%)1. Fracture of skull, intracranial injury800--804 & 850--85411,060 (11.66)10,229 (9.77)8650 (7.60)7429 (6.47)7688 (6.09)−5.5−8.0, −2.12. Fracture of spine and trunk805--809870 (0.92)835 (0.80)989 (0.87)1133 (0.99)1439 (1.14)6.82.2, 11.63. Fracture of upper limb810--8193058 (3.22)3305 (3.16)3539 (3.11)3819 (3.33)4193 (3.32)4.03.5, 4.44. Fracture of lower limb820--8292376 (2.51)2511 (2.40)2597 (2.28)2875 (2.51)3432 (2.72)4.51.8, 7.25. Dislocation830--839963 (1.02)821 (0.78)846 (0.74)938 (0.82)1037 (0.82)1.4−3.5, 6.56. Sprains and strains of joints and adjacent muscles840--8483472 (3.66)3998 (3.82)4441 (3.90)4482 (3.91)4975 (3.94)4.32.2, 6.37. Internal injury of chest860--862151 (0.16)139 (0.13)128 (0.11)090 (0.08)132 (0.10)−3.5−12.3, 6.28. Internal injury of abdomen and pelvis863--869158 (0.17)144 (0.14)137 (0.12)133 (0.12)153 (0.12)−0.7−4.6, 3.39. Open wound of head, neck and trunk870--87915,579 (16.43)15,939 (15.22)15,739 (13.83)15,062 (13.12)14,221 (11.26)−1.2−2.7, 0.310. Open wound of upper limb880--88714,278 (15.06)15,498 (14.80)16,147 (14.19)15,072 (13.13)15,768 (12.48)0.9−1.4, 3.211. Open wound of lower limb890--8977437 (7.84)7506 (7.17)7932 (6.97)7853 (6.84)8149 (6.45)1.10.4, 1.912. Injury to blood vessels900--904660 (0.70)944 (0.90)671 (0.59)232 (0.20)194 (0.15)−17.5−33.1, 1.713. Late effects of injuries and other external causes905--909101 (0.11)84 (0.08)75 (0.07)70 (0.06)96 (0.08)−1.4−9.6, 7.614. Superficial injury910--9197429 (7.83)8580 (8.19)10,376 (9.12)11,497 (10.02)13,376 (10.59)7.66.4, 8.815. Contusion with intact skin surface920--92418,229 (19.22)23,468 (22.41)28,704 (25.23)30,963 (26.98)36,358 (28.78)8.65.6, 11.816. Crush injuries925--9291958 (2.06)2190 (2.09)2237 (1.97)2070 (1.80)2089 (1.65)0.4−2.6, 3.417. Effects of foreign body entering through orifice930--9392359 (2.49)2661 (2.54)2844 (2.50)2794 (2.43)3023 (2.39)2.80.7, 4.918. Burns940--9493411 (3.60)3369 (3.22)3320 (2.92)3226 (2.81)3579 (2.83)0.3−1.9, 2.519. Injury to nerves and spinal cord950--957107 (0.11)155 (0.15)163 (0.14)179 (0.16)227 (0.18)8.63.6, 13.820. Certain traumatic complications and unspecified injuries958--9591181 (1.25)2343 (2.24)4246 (3.73)4850 (4.23)6203 (4.91)22.49.6, 36.7\*Accounting for the 1st main diagnostic code only

Discussion {#Sec8}
==========

In the US, publicly-available ED visit data from the National Hospital Ambulatory Medical Care Survey (NHAMCS) from 1997 through 2007 were assessed using codes from the International Classification of Diseases, Ninth Revision (ICD-9). ED visit rates increased from 352.8 to 390.5 per 1000 persons during that time (*P* = .001 for trend), and adults with Medicaid cover accounted for most of the increase in ED visits; in addition, the visit rate increased from 693.9 to 947.2 visits per 1000 enrollees (*p* = 0.001 for trend) between 1999 and 2007 \[[@CR14]\]. According to NHAMCS data from 1997 to 2009, the overall adjusted probability of an ED visit being treatable in a primary care setting increased by 0.19 % (95 % CI = 0.10 to 0.28) per year. This probability increased at a rate of 0.52 % per year for Medicare patient visits (95 % CI = 0.38 % to 0.65 %), more than double that for Medicaid patient visits (0.25 % per year, 95 % CI = 0.13 % to 0.37 %). In contrast, there was no significant change from 1997 to 2009 in the average probability of an ED visit being treatable in a primary care setting in privately-insured patients (0.05 % per year, 95 % CI = −0.07 to 0.16) or uninsured individuals (0.00 % per year, 95 % CI = −0.12 to 0.13) \[[@CR15]\]. In Taiwan, the ED visit rate, including traumatic and non-traumatic cases, was approximately 190 visits per 1000 persons in 2001, which increased significantly to 270 visits per 1000 persons in 2010 based on one-million sampled patients who were insured under the official Taiwan health insurance system. Therefore, a greater increase in the ED visit rate as measured by the AAPC, and in particular in the ED visit rate for cases due to traumatic causes, was observed in Taiwan, an Asian developing country.

In the US, older adults (aged 75 and over), non-Hispanic black persons, less wealthy people, and those with Medicaid coverage were more likely to have made at least one ED visit within a 12-month period than other subjects. Persons with Medicaid coverage were more likely to have made multiple visits to an ED within a 12-month period than those with private insurance and the uninsured \[[@CR16]\]. Based on data from the USA National Health Interview Survey in 2012, 18 % of children aged 0--17 years visited the ED, and children with Medicaid coverage were more likely than uninsured children and those with private coverage to have visited the ED at least once in the past year \[[@CR17]\]. A recent systematic review concluded that in most healthcare systems, frequent ED users were more likely to be older, female, and have a mental health diagnosis, and previous hospitalizations and high primary care use were associated with future frequent ED use \[[@CR18]\]. The main finding of the present study was that female subjects and the elderly (aged 65 years or more) exhibited a greater increase in the incidence of ED visits for traumatic reasons in Taiwan.

Overcrowding of EDs is an important issue, and in order to design strategies aimed at avoiding overcrowding, mathematical models used to predict ED patient volume are considered essential. Most of the models used to predict patient volume are linear regression models, including Poisson regression models or time series models that can include calendar- or climate-related variables. These models explain 31--75 % of the patient-volume variability \[[@CR19]--[@CR22]\]. A significantly increased rate of ED utilization was found in the present study, especially with regards to traumatic cases, of which cases of soft tissue trauma of extremities and various fractures were the categories that exhibited the greatest increasing tendencies. This information is useful to inform Taiwan's health authorities with regards to the delivery and distribution of medical resources.

In Singapore, a statistical report showed that 40.7 % of ambulance arrivals were attributable to trauma, versus 27.3 % of walk-in arrivals. The majority of trauma cases brought in by ambulance was because of road traffic accidents, followed by accidents in the home \[[@CR23]\]. In India, traffic crashes and consequent injuries represent a growing public health concern. Open wounds and superficial injuries to the head (69.3 %), upper extremities (27 %) and lower extremities (24 %) were found to be the most common injuries \[[@CR24]\]. Based on data from the state-wide trauma registry in Queensland, Australia, from 2006 to 2010, moped/scooter riders sustained a greater percentage of head/neck (+8.6 %), facial (+3.0 %) and abdominal injuries (+2.3 %), whereas motorcycle riders sustained a greater percentage of upper extremity (+4.0 %), thoracic (+3.9 %), spinal (+3.6 %) and lower extremity injuries (+2.6 %) \[[@CR25]\]. In Taiwan, the incidence of traffic accident-related hospitalization was between 9.17 and 11.54 %, and in all inpatients admitted due to road traffic accidents, the orthopedic fractures of (1) fracture of upper limb, (2) fracture of lower limb, and (3) fracture of spine/trunk were the most common injuries, accounting for 29.36 % of all injuries \[[@CR26]\]. Road traffic accidents involving motorized two-wheeled vehicle (MTV) riders often result in severe morbidity and mortality. Many studies have focused on this specific issue \[[@CR27], [@CR28]\]. In the present study, which focused on traumatic injuries, most traumatic cases presenting at EDs had sustained superficial or open-wound injuries; however, the traumatic categories of sprains/strains of joints and adjacent muscles, fractures of upper limbs, fractures of lower limbs, and fractures of the spine/trunk exhibited significant annual increases in incidence. Most traumatic ED cases in the present study were sent to highest-level hospitals, which is contrary to another study performed in Taiwan showing the use of the ED service in the nearest community hospital to be more acceptable in an emergency situation than medical center treatment for dying cancer patients \[[@CR29]\]. More detailed evaluation is needed in future studies to examine the causes of accidents and the subsequent morbidity or mortality.

Some limitations were still persisted in the present study. In Taiwan, no researchers can approach all the NHI beneficiaries' inpatient and ambulatory medical records. A longitudinal health dataset of one million fixed cohort populations, including their inpatient and ambulatory medical records, was the most popular research databank. However, more detailed personal information such as occupation, education level, living area, or healthy habitus were absent. Up to now, there were three isolated longitudinal datasets containing LHID2000, LHID2005 and LHID2010 that can provide only point estimates for epidemiological studies due to lack of available data of whole Taiwan's population in each calendar year. In another way, during the study period of 2001--2010, 10 separated cross-sectional surveys in each calendar year might be performed based on the truly dynamic total population but only 0.2 % of the ambulatory care records extracted by systematic sampling method have been allowed to be released to Taiwanese researchers \[[@CR13]\]. Finally, the latest longitudinal health dataset (LHID2010) in Taiwan was chosen to perform a descriptive epidemiological analysis that was designed as a retrospective fixed-cohort study.

Conclusions {#Sec9}
===========

Focusing on traumatic visits of patients to EDs, increased ED utilization was observed between 2001 and 2010 in Taiwan, as evidenced by the increases in the annual number of cases, annual incidence assessed by gender and age, average direct medical cost, and highest-level hospital utilization. Of the 20 categories into which all traumatic causes were divided, orthopedic-related injuries, including soft tissue trauma of extremities and various fractures, were the categories in which the greatest increases in incidence were observed. Greater numbers of surgical and orthopedic physicians may be needed in EDs, especially in the highest-level hospitals in Taiwan,
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